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Spin crossover iron(II) 1,2,4-triazole-based coordination compounds in the form of nanoparticles 
were prepared using a reverse microemulsion technique. Ligand substitution approach was applied 
to decrease the spin crossover temperature towards room temperature in the well-known [Fe(H-
trz)2(trz)]BF4 complex. The compositions of the particles were determined by elemental analysis 
and thermogravimetry. The morphology was monitored by transition electron microscopy (TEM). 
The effect associated with the ligand substitution was investigated by optical and magnetic 
measurements. Transition temperature has been reduced by 33 K comparing the unsubstituted 
sample to that with 5 % substitution. 
______________________________________________________________________________
Introduction 
 
Among the wide variety of coordination 
compounds there is a class, represented by 3d
4
-
3d
7
 transition metal complexes showing spin 
transition phenomenon. These compounds can 
be reversibly switched between two spin states 
by means of different external stimuli such as 
temperature, light, pressure and others [1]. 
Molecular spin crossover (SCO) materials, 
currently, is an active field of research due to 
their possible application in nanophotonic, 
nanoelectronic and nanomechanical devices.
 
Synthesis of nanometer sized spin crossover 
materials, their manipulation at reduced length 
scales and the investigation of their size 
dependent properties contribute to explore their 
possible practical applications [2,3]. An 
important challenge in this context is to preserve 
the bistability and the cooperative spin 
transition properties during the downsizing of 
the compound at the nanoscale. The well-known 
1,2,4-triazole-iron  family of 1D SCO 
coordination polymers is an appropriate 
candidate for nanoparticle fabrication. The most 
fascinating SCO coordination compound from 
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this family is the [Fe(H-trz)2(trz)](BF4) (H-trz = 
1,2,4-4-H-triazole and trz = 1,2,4-triazolato) 
complex bearing both protonated and 
deprotonated triazol moiety [4]. This compound 
is known to preserve its wide thermal hysteresis 
loop and abrupt spin transition in nanoparticles 
down to 6 nm [5]. Despite all these advantages 
the application of such SCO nanoparticles could 
be accompanied with some difficulties due to 
the high spin transition temperature which is 
around 380 K. Consequently, elaboration of 
spin crossover nanoparticles showing hysteretic 
behaviour close to room temperature is very 
important nowadays [6]. It seems that the 
simplest approach is to modulate the transition 
temperature in already existing SCO 
compounds. In the literature, there are several 
examples describing modulations of spin 
crossover properties of some 1,2,4-triazole 
based compounds either by triazole ligand [7-9] 
or by iron [5,10,13] substitution. This effect was 
observed not only for bulk materials, but also 
for nanoparticles [5,11]. As the transition 
temperature of pure [Fe(NH2-trz)3](BF4)2 is 
around 260 K (with hysteresis around 5 K)[12], 
one can expect a decreasing of the transition 
temperature when the substitution of 1,2,4-4H-
triazole in [Fe(H-trz)2(trz)](BF4) complex by 
1,2,4-4-NH2-triazole takes place. 
Here we report the preparation and 
physical properties of [Fe(H-trz)2-2x/3(trz)1-
x/3(NH2-trz)x](BF4)1+x/3 SCO compounds  with x 
= 0, 0.038, 0.076 and 0.15 for samples 1-4, 
respectively. The aim is to investigate the 
influence of the ligand substitution on the size, 
shape and spin transition properties of these 
nanoparticles. 
 
Experimental section  
Synthesis 
All the chemicals and solvents were 
obtained from Sigma Aldrich and used without 
any further purification. Spin crossover 
nanoparticles were prepared using the following 
procedure: two equivalent microemulsions were 
prepared mixing together 1.8 ml of Triton X-
100, 1.8 ml of 1-hexanol and 7.5 ml 
cyclohexane. A solution of 211 mg of 
Fe(BF4)2∙6H2O in 0.5 ml of H2O was added 
dropwise to one microemulsion under stirring 
and a mixture of 131, 129, 127.7 and 124 mg of 
1,2,4-4-H-triazole and 0 (0%), 2 (1,25%), 4 
(2.5%) and 8 (5%) mg of 1,2,4-4-NH2-triazole 
for sample 1-4, respectively, in 0.5 ml H2O was 
added to the other one. These microemulsions 
were stirred at room temperature until clear 
solutions were obtained and then quickly mixed 
together. Several minutes after, the mixture 
became pink due to the nanoparticle formation. 
The resulting microemulsion was agitated 
during 5 hours to ensure that the microemulsion 
exchange was completed. Then 30 ml of ethanol 
were added to destroy the microemulsion 
structure. The obtained nanoparticles were 
washed several times with ethanol to remove the 
surfactant and separated by centrifugation at 
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4000 rpm during 5 minutes. This procedure 
resulted in nanoparticle yields of 87-90%.  
Tentative composition of the samples 
was obtained thanks to combined C, H, N 
elemental analysis (Table 1) and 
thermogravimetric analysis. Indeed, although 
elemental analyses confirm the formation of the 
SCO compounds, exact composition cannot be 
determined because of possible surfactant and 
solvent residuals. Thermogravimetric analysis 
revealed different water amount; 1% for 1 and 
approximately 4% for 2-4 (Figure 1). 
Thermogravimetric analyses revealed also that 
samples 2-4 are less stable compared to sample 
1 with a decomposition process starting at ca. 
200ºC. Theoretical quantity of the elements is 
calculated with respect to the mentioned [Fe(H-
trz)2-2x/3(trz)1-x/3(NH2-trz)x](BF4)1+x/3 formulas 
with the hypothesis that the substitution during 
micellar exchange occurs proportionally toward 
protonated and deprotonated triazole ligands.  
 
 
 
 
 
 
Figure 1. Thermogravimetric analyses for samples 1-4 
 
Size and physical properties 
Transmission electron microscopy 
(TEM) was carried out using JEOL JEM-1011 
(100 kV). TEM samples were prepared by 
depositing on a carbon coated copper grid (400 
mesh) a few drops of the nanoparticles 
suspended in ethanol. Elemental analysis was 
carried out using a Flash EA1112 
(ThermoFinnigan 2003) apparatus. Magnetic 
susceptibility of nanoparticle powder samples 
was measured using a Quantum Design MPMS2 
magnetometer in the temperature range from 
300 to 400 K under a magnetic field of 1 T with 
heating-cooling rate of 2 K/min. Optical 
reflectivity measurements were performed on a 
stereomicroscope (Motic) equipped with a CCD 
camera (Moticam 1000) and were monitored in 
the green optical region. The sample 
temperature was controlled using a Linkam 
THMS600 liquid nitrogen cryostat. Temperature 
change rate was 2 K/min. Dynamic scanning 
calorimetry was done using NETZSCH Thermal 
Analysis DSC 204 cell. Thermogravimetric 
analyses (TGA) data were acquired using a 
Perkin–Elmer Diamond thermal analyzer. 
Powder X-ray diffractograms were obtained 
with a Panalytical MPDPro diffractometer.  
 
Results and discussion 
The synthetic method of the 
nanoparticles was inspired from S. Titos-Padilla 
and co-workers [13] and consisted to use 
reverse microemulsion with Triton X-100 as a 
surfactant and 1-hexanol as a co-surfactant 
(Scheme 1).  
 
 
Scheme 1. Schematic representation of the synthetic route 
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A comparison of the powder X-ray 
diffraction patterns of 1-4 (Figure 2) revealed 
the isostructurality of the samples. However, a 
broadening of the peaks in 2-4 was observed 
and rather ascribed to the disordering of the 
lattice in agreement with the ligand substitution 
effect even if size and morphology effects are 
not totally discarded. 
 
 
 
 
Figure 2. Powder X-ray diffraction patterns of 1-4. 
 
Particle sizes were determined by 
transmission electron microscopy (TEM) while 
their properties were probed by DSC, optical 
and magnetic measurements. TEM image of the 
reference [Fe(Htrz)2(trz)](BF4)∙0.2H2O sample 1 
shows nanoparticles with platelet-like 
morphology with average length of ~ 120 ± 9 
nm and width of ~ 80 ± 14 nm (Figure 3). 
Temperature dependent magnetic susceptibility 
measurements carried out on sample 1 are 
presented in Figure 4. For each sample we 
consider the transition temperature of the 
second thermal cycle, the first one 
corresponding to the dehydratation of the 
sample; all data are gathered in Table 2.  
The magnetic behavior shows a wide 
hysteresis of 35 K centered at 365 K (T1/2↓ = 
348 K and T1/2↑ = 383 K) which is very close to 
the corresponding bulk counterpart [3]. The 
sample 2 containing 1.25 % of 1,2,4-4-NH2-
triazole shows a transition centred at 360 K with 
a reduced 20 K hysteresis loop (T1/2↑ decreasing 
to 370 K). 
 
Table 1. Elemental analyses and tentative formulas for 
samples 1-4 
 
  
 
 
 
 
 
 
 
 
Figure 3. TEM images and size distributions of the 
synthesized samples 1-4 
 
It is interesting to notice that the 
morphology of these nanoparticles is changing 
also from platelet- to rod-like since the length to 
width ratio is higher (average length of ~ 100 ± 
9 nm and width of ~ 40 ± 7 nm) compared to 
sample 1. More significant changes in the spin 
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crossover behavior were observed in sample 3. 
In this case, the transition is more down shifted 
and centered at 353 K with a narrow 16 K 
hysteresis loop (T1/2↓ = 345 K and T1/2↑ = 361 
K). As can be seen from the TEM image of this 
sample, the nanoparticles become longer 
(average length of ~ 120 ± 9 nm) and the width 
does not change. This tendency is confirmed for 
sample 4, which is composed of needle-like 
particles with average length of ~ 240 ± 60 nm 
and width of ~ 40 ± 10 nm. The most drastic 
SCO property change was observed for the 
highest ligand substitution with a less abrupt 
transition centered at 343 K and a hysteresis 
loop of 13 K (T1/2↓ = 337 K and T1/2↑ = 350 K). 
Clearly, the increase of the 1,2,4-4-NH2-triazole 
ligand percentage tends to decrease the 
transition temperature while the hysteresis loop 
becomes narrow. Similar behaviors have been 
measured replacing iron atoms by increasing 
amount of zinc atoms in different size [Fe(H-
trz)2(trz)](BF4) nanoparticles.
5,11
 Variable 
temperature optical reflectivity measurements 
(Figure 4) are in good agreement with the 
magnetic results. The transition temperatures for 
each sample are indicated in Table 2. To make 
the results more demonstrative, spin transition 
temperatures depending on 1,2,4-4-NH2-triazole 
quantity in the heating and cooling modes are 
shown in Figure 5. The tendency of thermal 
hysteresis loss can be observed, so that we can 
expect practically full disappearance of 
hysteresis when reach room temperature 
transition. From the other point of view, 
increasing of the 1,2,4-4-NH2-triazole quantity 
may reveal an unexpected behavior of this 
material.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Variable temperature magnetic (left) and optical 
reflectivity (right) data for samples 1-4. For the magnetic 
susceptibility graphs, the first cycle is shown in full 
circles and the second one in triangles. The first cycle in 
reflectivity curves – empty circles, the second one – 
triangles. 
 
 
 
 
 
Table 2: Spin crossover properties extracted from 
magnetic and optical measurements for sample 1-4  
 
Dynamic scanning calorimetry data were 
collected for sample 4 (Figure 6). The 
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endothermic process is associated with low spin 
to high spin transition and the exothermic 
process occurs when the complex returns to the 
LS state. The enthalpy variation were calculated 
as 25.1 kJmol
-1
 in heating mode (T1/2↑ = 356 K) 
and 19.7 kJmol
-1
 in cooling mode (T1/2↓ = 328 
K). 
 
 
 
 
 
 
 
 
 
Figure 5. Spin transition temperature versus 1,2,4-4-NH2-
triazole quantity. Heating branch is plotted with full 
circles and cooling branch with full triangles 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. DSC curve of the sample 4. 
 
These measurements confirm that there 
is no any other heat transfer besides those 
belonging to the spin state changes. In other 
words, we have an individual compound and not 
a mixture of different complexes. 
 
 
Conclusions 
 
In summary, we have prepared various 
iron-triazole SCO nanoparticles using a reverse 
microemulsion technique and ligand 
substitution approach. We have shown that the 
transition temperature can be gradually shifted 
toward room temperature, with respect to the 
increasing 1,2,4-4-NH2-triazole quantity 
inclusion in the [Fe(H-trz)2(trz)]BF4 complex, 
reducing hysteresis width but still with abrupt 
spin transition. The modification of the shape of 
the particles and the concomitant decrease of the 
transition temperature toward room temperature 
could be useful for their organization onto 
surfaces and the elaboration of specific nano-
scale devices.  
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